The diagnosis of anemia is an important aspect of the practice of hematology. The first step is to decide whether the patient is, in fact, anemic. Unless earlier blood counts are available, and they often are not, the physician must make his decision on the basis of the population distribution of hemoglobin values. How likely is it that the patient's hemoglobin value lies below the normal distribution, i.e. "the lower limit"?
The definition of anemia has attracted considerable interest recently because of epidemiologic studies that suggest that anemia may be associated with poorer outcomes in a variety of disorders. In many studies the definition of anemia used is that suggested by a WHO expert committee nearly 40 years ago 1 . Bearing the imprimatur of the WHO apparently carries much weight, although, as we shall point out the numbers so casually presented in this document were based on very few data using methods that were inadequate. A reproduction of the entire section dealing with the establishment of this standard is shown in figure 1. Cook et al. 2 recently lamented "the near universal acceptance of the WHO criteria of anemia". As we shall show, the acceptance of these standards is, indeed, to be decried.. Table 1 summarizes the "lower limit of normal" offered by the WHO committee and various other sources.
The differences in the stated lower limits of normal may seem small, but in their application they are far from trivial. For example, assuming a Gaussian distribution of the data one may calculate that if the 14.2 g/dl cutoff proposed by Jandl 3 is correct a male with a 13 g per deciliter hemoglobin concentration, therefore passing the WHO standard for anemia, would be in the lowest 0.01% of the distribution of hemoglobin values.
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How is one, then, to find a hemoglobin concentration above which 95% or 97.5% of the normal subjects are included? In the past, a part of the problem has been the availability of large databases that are sufficiently well-documented to allow exclusion of individuals who are not "normal". The systematic exclusion of such population members is important in dealing with an abnormality that is as common as is anemia, particularly in women. Fortunately, at least two such databases now exist. One is the NHANES-III (The third US National Health and Nutrition Examination Survey) database, the other the 12 . The other report employs exclusion criteria that are so Draconian that less than 40% of the subjects remain in the data set. 13 . Moreover, data derived from white subjects are not provided.
In these and many other previous analyses of hematologic data the subjects have been divided into age in deciles. This type of analysis is shown in Table 2 . Since there are virtually no differences in hemoglobin values of men in the age range of 20 to 59 or in women aged 20 through 49 in our data or in the analysis of the NHANES-III hemoglobin values 12 we have used these age ranges representing younger adults, and the ages beyond these ranges to represent older adults. In any analysis elimination of subjects from consideration is constrained by the data that are available. Both the Scripps-Kaiser and the NHANES databases included transferrin saturation and serum ferritin levels, and we were therefore able to exclude subjects with a transferrin saturation of <16% or a serum ferritin of < 10ng/ml. This serves to eliminate the great majority of subjects with iron deficiency anemia and also many of those with the anemia of chronic inflammation, in which the transferrin saturation is also usually low. We were also able to determine whether excessive alcohol intake, diabetes mellitus, renal failure, or inflammatory markers (C reactive protein in NHANES, erythrocyte sedimentation rate in ScrippsKaiser, elevated serum ferritin, or leukocytosis) affected the hemoglobin concentrations in these populations. None of these had an effect in the younger subjects, but in older subjects a serum creatinine of >1.4 mg/dl and elevated inflammatory markers (ESR > 30 in women and ESR >20 in men or CRP >1 mg/dL) were associated with significantly
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Overall, the percentage of subjects excluded from the analysis ranged from 10% to 30%, except for black subjects in NHANES where the exclusion rate was approximately 50% for older men and 40% for women.
The mean and 1.65 standard deviation below the mean of the hemoglobin values of the white subjects are shown on figure 2; this provides the hemoglobin level below which only 5% of normal subjects in the population will be found, given the Gaussian distribution of hemoglobin values. Table 3 presents the lower-limit-of-normal for white and black males and females. These data are presented to indicate the 2. The results obtained from the two databases are in very good agreement, but there are some minor differences that reach statistical significance. In particular the mean hemoglobin of older men is slightly higher in the Scripps-Kaiser data than in the NHANES data. The latter difference in Table 3 is clearly an artifact resulting from the consolidation of all subjects over 60 years of age into one group. As shown in Table 2 there are a higher proportion of males >80 years of age in the NHANES survey than in the Scripps-Kaiser data, and there is a slight but well-documented decrease in the mean hemoglobin level of each decile among males 12 . Some minor discrepancies could also be due to differences in ethnic origin within populations studied. This would obviously be true with the population designated "black", since it is well-known that individuals classified as African-American could have anywhere between 10% and 90% of their genes of European origin, with most of the remaining genome being of African origin.
As pointed out above, differences in the degree of the European admixture could well account for the small differences in hemoglobin levels documented in the two data sets.
This difference in genetic composition could also extend to the population designated "white": we have previously shown that there is a difference of about 0.28 g/dl in the average hemoglobin of white subject with Northern vs. Southern European ancestry 14 .
This differential between Northern and Southern Europeans is maintained when the exclusion criteria used here are applied (data not shown).
How is it that the WHO standard, so widely used in epidemiologic studies is so seriously flawed? In fairness to the Expert Committee, a group of distinguished hematologists and nutritionists, it is clear that it was not their intent to set up a hallowed standard for all to follow. The values defining anemia are given in a small table (figure 1) and are presented without decimal points, clearly as approximations to be used within the context of the nutritional studies that were the principal topic of the meeting. The few references that are given to document this choice of numbers are, in general, surveys of the relatively small number of subjects, without documentation of methodology, and without efforts being made to remove anemic patients in calculating the values. To further put these studies into the context of the times 15 the dilution of blood, sometimes obtained by finger puncture 16 , was carried out with pipettes that were often inaccurate.
Cyanmethemoglobin standards were not widely available and calibration required oxygenation of a blood sample to serve as a standard with measurement of the amount of oxygen released by acid in a van Slyke apparatus. Needless to say this procedure was not always carried out, and as a consequence results were often unreliable. In view of these difficulties perhaps one should marvel not only at the fact that the WHO standard is still used but also that it was not further from the mark.
What, then, are reasonable benchmarks for anemia for a clinician to use today, based on today's improved laboratory practice and the data that we have been able to marshal from the Scripps-Kaiser and the NHANES study? The suggested lower limits of normal are summarized in Table 4 . Based mostly on the larger Scripps-Kaiser of database, but confirmed by the NHANES data, it would seem that a hemoglobin below 13.7 g/dl in a white male between 20 and 60 years of age would have only an approximately 5% chance of being a normal value. For older men this hemoglobin values would be 13.2 g/dl. The corresponding value woman of all ages would be 12.2 g/dl. As shown in table 1 and in a number of previous studies 17, 18 , the lower limit of normal of hemoglobin concentrations of African-Americans are appreciably lower. Although some of this difference is a result of the high frequency of α-thalassemia in this population, other, as yet unidentified genes are involved, and since the gene frequency for α-thalassemia is extraordinarily high in the black population, and the diagnosis is not readily made, we judge it best not to censor such cases in determining the normal range for the black population.
For Table 2 . NHANES data are considered to be confirmatory. 
